Autosomal recessive polycystic kidney disease (ARPKD) is an inherited ciliopathy of childhood caused by mutations in the PKHD1 and is less frequent than the better-known ciliopathy, autosomal dominant polycystic kidney disease. Characteristic dilatation of the renal collecting ducts is prominent in ARPKD. The disease can start already in utero and presents at any stage from infancy to adulthood. Early renal insufficiency may develop in utero and can lead to early abortion or oligohydramnios (Potter's sequence). Half of these children die of pulmonary hypoplasia after delivery. However, children may also be born who have no evidence of renal dysfunction in utero and who have normal renal function at birth. A third of ARPKD patients die in the perinatal period, and those surviving the neonatal period commonly develop end-stage renal disease (ESRD) in infancy, early childhood, or adolescence. Some patients are first diagnosed as adults. While bilateral renal enlargement with microcystic dilatation is the predominant clinical feature (Fig. 1) , arterial hypertension and intrahepatic biliary dysgenesis are also important manifestations. All patients with ARPKD develop congenital hepatic fibrosis. However, the biliary dysgenesis may result in nonobstructive dilation of intrahepatic bile ducts (Caroli's disease). Cholangitis and variceal bleeding develop in some patients necessitating a two-organ transplantation. Thus, the clinical spectrum of ARPKD is broad and heterogeneous. Büscher et al. [1] recently provided an excellent clinical review. The profound clinical variability can occur within families with the same genotype. Variable phenotypes could also result from differences in genetic background, combinations of mutations, modifying genes, epigenetic factors, hormonal effects, or environmental influences [2] [3] [4] . Chainterminating, truncating PKHD1 mutations result in more severe disease than amino acid substitutions [5, 6] .
Alternative splicing is a regulated process during gene expression that results in a single gene coding for multiple proteins [7] . In this process, particular exons of a gene may be included within, or excluded from, the final processed messenger RNA (mRNA) produced from that gene. As a result, the proteins translated from alternatively spliced mRNAs will contain differences in their amino acid sequence and often in their biological functions. More than 90 % of all human genes are alternatively spliced [8] . Alternative splicing allows the human genome to direct the synthesis of many more proteins than would be expected from its 20,000 protein-coding genes. However, alternative splicing within a given gene can also result in disease. For instance, the Parkinson protein 2, E3 ubiquitin protein ligase gene PARK2, is one of the largest genes in our genome [9] . The gene is implicated in the pathogenesis of autosomal recessive juvenile Parkinsonism, and it has been recently linked to cancer, leprosy, autism, type-2 diabetes mellitus, and Alzheimer's disease. The PARK2 primary transcript undergoes extensive alternative splicing, which enhances transcriptomic diversification and protein diversity in tissues and cells. The PARK2 alternative splice transcripts and isoforms have been correlated with those in rat and mouse, two common animal models for studying human disease genes. Alternative splicing relies on complex processes that are easily altered by both cis-and trans-acting mutations. Although the contribution of PARK2 splicing in human disease remains to be fully explored, some evidences show disruption of this versatile form of genetic regulation may have pathological consequences.
In this month's issue of J Mol Med, Boddu and colleagues [10] studied alternative splicing of PKHD1. The human gene spans 469 kb, has 86 exons, 15 of which exhibit alternative splicing boundaries. The mouse homolog, Pkdh1, is equally complex and similar in structure. The authors characterized the kidney-specific transcriptional profile of Pkdh1 and found that Pkhd1/PKHD1 transcriptional processing is modulated by serine/arginine-rich splicing factor family intragenic motifs. Their analysis of PKHD1 missense variants suggests that dysregulated PKHD1 splicing represents an unappreciated pathogenic mechanism in ARPKD. Boddu et al. [10] observed multiple alternatively spliced Pkhd1 transcripts that varied in size and exon composition in embryonic mouse kidney, liver, and placenta samples, as well as among adult mouse pancreas, brain, heart, lung, testes, liver, and kidney. They then used real-time PCR and RNA sequencing to identify 22 novel Pkhd1 kidney transcripts with unique exon junctions. They observed various mechanisms of alternative splicing, including exon skipping, use of alternate acceptor/ donor splice sites, and inclusion of novel exons. They extended their findings with bioinformatics analyses and exontrapping experiments to validate consensus-binding sites for serine/arginine-rich proteins that modulate alternative splicing. Boddu et al. [10] then used site-directed mutagenesis to study the functional importance of selective splice-site enhancers. They then demonstrated that many of the novel transcripts were polysome-bound. Finally, they examined the human PKHD1 R760H missense variant. They found that this variant alters a splice enhancer motif that disrupts exon splicing and thereby truncates the protein. Aberrant PKHD1 splicing evidently represents an unappreciated pathogenic mechanism in ARPKD, perhaps relevant to the heterogeneous phenotypes and their severity.
Pre-mRNA processing occurs with high fidelity and accuracy. Models have been proposed that define processing sites on a basis of combinatorial interactions among regulatory factors and pre-mRNA processing machinery [11] . The key to the formulation of the 'exon definition model' (Fig. 2a) was the finding that a downstream 5′ splice-site can stimulate a weak upstream 3′ splice-site. Support for this model also comes from splicing stimulatory sequences termed exonic splicing enhancers (ESEs), which are preferentially bound by serine-arginine-rich (SR) proteins containing an RNA recognition motif (RRM) in addition to an arginine-serine-rich (RS) domain. Experimental and bioinformatics approaches have revealed a number of consensus sequences for ESEs that were also shown to be bound by SR proteins and are most prominently found in constitutive exons. Regulatory elements that antagonize exon definition are termed intronic or exonic splicing silencers (ISSs or ESSs) and are bound by negative regulators of splicing such as heterogeneous nuclear ribonucleoproteins (hnRNP). Since 5′ and 3′ splice sites come into proximity during spliceosome assembly through a number of RNA-protein and protein-protein interactions, the opposite 'intron definition model' has also been proposed (Fig. 2b) . This model most likely applies for short introns. Spliceosomes are large and complex molecular machines found primarily within the nucleus. The spliceosome is assembled from small nuclear RNPs (snRNPs) and protein complexes. The spliceosome removes introns from a transcribed pre-mRNA, a kind of primary transcript.
What are serine/arginine-rich splicing factor family RNA-binding proteins and how do the factors function? Serine/arginine-rich splicing factors play an important role in constitutive and alternative splicing as well as during several steps of RNA metabolism. An important example is serine/arginine-rich splicing factor 1 (SFRS1) also known as alternative splicing factor 1 (ASF1), premRNA-splicing factor SF2 (SF2) or ASF1/SF2. It is an essential sequence-specific splicing factor involved in premRNA splicing [12] . SFRS1 is necessary for all splicing reactions to occur and influences splice-site selection in a concentration-dependent fashion. SFRS1 is also involved in mediating post-splicing activities, such as mRNA nuclear export and translation. The splicing regulator is in turn regulated by phosphorylation at the serines in its RS domain by the SR-specific protein kinase, SRPK1 [13] . Maslon et al. [14] have investigated the gene network that is translationally regulated by SRSF1. They performed a high-throughput deep sequencing analysis of polysomal fractions in cells overexpressing SRSF1. The work identified approximately 1,500 mRNAs that are translational targets of SRSF1. The mRNAs included mRNAs encoding proteins involved in cell cycle regulation, such as spindle, kinetochore, and M phase proteins, which are essential for accurate chromosome segregation. Their data indicate the rich landscape influenced by this splicing factor.
The contribution by Boddu et al. [10] underscores the fact why clinicians need to be aware of alternate splicing. More than 60 % of all human disease-causing mutations may affect splicing rather than directly affecting coding sequences. Onethird of all hereditary diseases are likely to have a splicing component [15] . Genome-wide analysis of alternative splicing is now performed routinely. Cross-linking and immunoprecipitation (CLIP) uses ultraviolet radiation to link proteins to RNA molecules in a tissue during splicing. A trans-acting splicing regulatory protein of interest is then precipitated using specific antibodies. When the RNA attached to that protein is isolated and cloned, the result reveals the target sequences for that protein. Another method for identifying RNA-binding proteins and mapping their binding to pre-mRNA transcripts is microarray evaluation of genomic aptamers by shift (MEGAshift). These technologies are upon us and we must know what they portend clinically.
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